To evaluate the different components of the resistance of the respiratory system, respiratory muscle strength and to investigate the occurrence of expiratory flow limitation (EFL) in patients with morbid obesity (MO) when seated. Methods: The sample was composed of MO (BMI≥40 kg/m 2 ) and non-obese individuals (NO) with a BMI between 18 and 30 kg/m 2 . The protocol consisted of the anthropometric assessment and the following measures of respiratory function: spirometry, maximal inspiratory and expiratory pressures (MIP and MEP, respectively) and impulse oscillometry. The group comparison was performed using T-test for unpaired samples. The correlations were evaluated by the Pearson test with a significance level of 5%. Results: Fifty MO (age 40±10.4 years, 1.64±0.09 m, 138.8±33.6 kg and 50.7±8.9 kg/m 2 ), and 30 NO (age 37.6±11.5 years, 1.67±0.09 m, 65.2±10.3 kg and 23.2±22 kg/m 2 ) were evaluated. The MO showed higher values of total, peripheral, airways, tissue and central resistance when compared to the NO. No patient showed EFL. The waist circumference was associated with spirometric variables, MIP, and MEP . The waist-to-hip ratio was correlated to respiratory mechanics and spirometric variables, MIP, and MEP. Conclusion: Morbidly obese patients with no obstructive spirometric pattern show increased total, airway, peripheral, and tissue respiratory system resistance when compared to nonobese. These individuals, however, do not present with expiratory flow limitation and reduced respiratory muscles strength.
INTRODUCTION
Obesity is considered a public health problem around the world, presenting an important growth in the last decade. (1) Obesity is a multifactorial condition that can be related to nutritional alteration, genetic, psychological and socioeconomic factors, and sedentary lifestyle. (2) Obesity is classified by the body mass index (BMI), with intervals between 30 and 34.9 kg/m 2 considered as obesity class I; 35 to 39.9 kg/m2 considered as obesity class II; and ≥ 40 kg/m 2 considered as obesity class III also called as morbid obesity. (3, 4) With the increased prevalence of obese people with BMI>50 kg/m 2 , it was necessary to broaden this classification, considering intervals between 50 and 60 kg/m 2 as super obese, and > 60 kg/m 2 as super-super obese. (5) The repercussion of obesity on the respiratory function is associated mainly with the restrictive alteration caused by the excess of adipose tissue. (6, 7) The increase of fat mass in the thorax and abdomen can shift the elastic point of balance between the chest and lungs, reducing
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Respiratory mechanics of patients with morbid obesity the functional residual capacity (FRC). This low volume of relaxation of the respiratory system (RS) favors the shift of the pressure-volume curve for its least complacent region. In addition, the reduction of the functional residual capacity is associated with the reduction of the caliber of the airway, resulting in increased resistance. (8, 9) Several methods may be used to study respiratory mechanics in individuals breathing spontaneously; however, the impulse oscillometry (IOS), which is one of the applications of the forced oscillation technique, is featured for not depending on effort, not requiring special maneuvers and for offering resistance values for central, peripheral and tissue of the respiratory system, as well as airways resistance. (10, 11) Recently, Albuquerque e cols. (6) used IOS to evaluate the respiratory mechanics of patients with morbid obesity and observed an increase in the RS peripheral resistance in 5Hz. However, the authors did not investigate the mean resistances (associated to the airways resistance) and tissue resistance, as well as the occurrence or not of expiratory flow limitation in obese patients, and the respiratory muscular strength. Thus, this study aimed to evaluate the different components of the respiratory system resistance and respiratory muscular strength in patients with morbid obesity and to investigate the occurrence of expiratory flow limitation (EFL) in a seated position.
METHODS

Sample characteristics
This is a cross-sectional study using a sample composed by patients with morbid obesity (BMI ≥40 kg/m 2 ) from the Program of Bariatric Surgery from the Hospital Universitário Clementino Fraga Filho da Universidade Federal do Rio de Janeiro (PROCIBA / HUCFF-UFRJ), and a group of non-obese individuals, paired by age and gender, with BMI between 18 and 30 kg/m 2 . All participants were volunteers and signed an informed consent form, which was approved by the Institution's Research Ethics Committee, according to Resolution 466/12 of the Brazilian National Health Council.
The following exclusion criteria were adopted: a history of pulmonary or cardiac disease, history of smoking, neurological and musculoskeletal diseases, inability to perform the proposed tests and obstructive spirometric pattern (FEV 1 /FVC ≤ 70%) for both groups.
Study protocol
The study protocol was composed by an anthropometric evaluation of the body composition and respiratory function using spirometry, static respiratory pressures, and impulse oscillometry. All tests were performed in the Respiratory Physiology Laboratory of the Instituto de Biofísica Carlos Chagas Filho da Universidade Federal do Rio de Janeiro (IBCCF-UFRJ).
Anthropometric assessment
The anthropometric assessment obtained data for body mass measures, height, BMI, waist circumference (WC), hip circumference (HC) and waist-to-hip ratio (WHR). The height was verified using a stadiometer (Cardiomed, WCS-Wood, Curitiba/PR, Brazil). The WC was measured in the orthostatic position with upright posture, no clothes or shoes, in the mean point of distance between the lower costal margin and the anterior iliac crest. The HC was measured by taking the larger diameter of the gluteal region, passing over the greater trochanters of the femur, using a metallic tape measure (Sanny  SN-4010, São Paulo, Brazil), with 2m of extension and 0.1 cm precision. Finally, the WHR was calculated by dividing the waist circumference in centimeters by the hip circumference also in centimeters, according to the WHO instructions. (12) 
Spirometry
Spirometry was performed according to the American Thoracic Society (13) and Sociedade Brasileira de Pneumologia (14) recommendations, using the computerized spirometer and its components, Lilly pneumotachograph (Erich Jaeger, Hoechberg, Germany) and flow and pressure transducers (Sensym SLP004D, Honeywell Sensing and Control, Golden Valley, MN, USA), following the manufacturer's calibration instructions.
The predicted values for forced vital capacity (FVC), forced expiratory volume in the first second (VEF 1 ) and expiratory peak flow (PF) were calculated according to the equations of Pereira e cols. (14) In addition, the maximal voluntary ventilation (MVV) (15) was verified using the same equipment. For this variable, the predicted values were calculated according with the Brazilian reference equations described by Neder et al. (16) 
Maximal Respiratory Pressures
The evaluation of the respiratory muscle strength was performed by measuring the maximal inspiratory and expiratory pressures (MIP and MEP, respectively), according to the ATS/ERS (16) recommendations. An analogical manovaccuometer (M120 -Comercial Médica, São Paulo/SP, Brazil) was used, with a 2 mm orifice on the mouthpiece to dissipate the pressure generated by the muscles of the face and oropharynx. A minimum of three acceptable measurements and a maximum of five were performed. The criteria of acceptability and reproducibility included maneuvers that did not differ in more than 10% of the highest value among themselves. An interval of one minute and thirty seconds among each verification was established. For the measurement of MIP, the individuals were instructed to take a deep breath from the RV in the manovaccuometer's mouthpiece and maintain the pressure for at least 2 seconds. For the measurement of the MEP, the participants were instructed to take a deep breath until total lung capacity (TLC), take a forced exhalation through the device and maintain the pressure for at least 2 seconds. The predicted values were calculated according to the Brazilian reference equations described by Neder et al. (17) 3/8
Impulse oscillometry
The evaluation of the respiratory mechanics was performed with an impulse oscillometer (Erich Jaeger, Hoechberg, German) and its components. After the equipment calibration, the participants remained in a seated position, with the head in a neutral position, manual support on the cheeks and nostrils occluded by a nasal clip. Five sequences of 40 seconds of respiratory signals were collected. Signals of at least 15 seconds, no artifacts, and with at least 80% of the frequency range showing a coherence function equal or higher than 0.9 were adopted as acceptability criteria.
The following variables were measured: resistance in 5Hz (R5), resistance in 20 Hz (R20), inspiratory reactance in 5 Hz (X5ins), expiratory reactance in 5 Hz (X5exp), mean reactance in 5 Hz (X5), resonance frequency (f0) and integral of reactance between 5 Hz and f0 (AX). The last 3 parameters may reflect the shift of the frequency curve vs. reactance to the right, which is usually associated with increased peripheral resistance or respiratory system elastance. (10) In addition to the parameters directly provided by the equipment, the extrapolated resistance at 0 Hz (R0), peripheral resistance (PR=R5-R20), mean resistance (Rm), tissue resistance (TR=R5-Rm) and the derivate of the resistance over frequency (dR/dF), which is also associated with peripheral resistance, were also calculated. (11, 12) 
Statistical analysis
The results were presented as mean ± standard deviation (SD) or proportions (%). Since the data presented normal distribution (Kolmogorov-Smirnov), the comparison among the obtained results by the morbid obese and non-obese was performed using T-test for unpaired samples. The correlations were evaluated via the Pearson correlation test with a 5% significance level. The software SigmaStat 3.1 (Jandel Scientific, San Rafael, CA, USA) was used for all analyses.
RESULTS
The study recruited 107 subjects as shown in figure 1 . After the application of the exclusion criteria, 50 morbid obese, 25 obese with BMI = 40-44.9 kg/m 2 , 19 obese with BMI = 50-59.9 kg/m 2 and 6 obese with BMI ≥ 60 kg/m 2 and 30 non-obese remained. The anthropometric and demographic data of the individuals are described in table 1.
When analyzing the spirometric data obtained from morbid obese and non-obese subjects, significant differences were observed regarding the absolute values of some variables; however, no significant differences were observed among the variables regarding the percentage of the predicted values. The values of maximal respiratory pressures, MIP and MEP, did not showed significant differences among the groups (neither in absolute nor in percentage of the predicted), table 2.
As for the results of respiratory mechanics (Table 2) , the morbid obese had higher values of total (R0 and R5), central (R20), airways (Rm), tissue (TR) and peripheral resistance (dR/dF and PR) when compared with non-obese. The differences observed in the AX and X5 values suggested an increased resistance or elastance of the respiratory system in the group of morbid obese.
No patient showed EFL.
The WC of obese individuals was not correlated with respiratory mechanics variables; however, it was correlated with the following spirometry variables: FVC (%), FEV1 (%), PF (L/s) and MVV (L), MIP (%) and MEP (%), as shown in table 3. The non-obese subjects showed a correlation of WC with the respiratory 
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Respiratory mechanics of patients with morbid obesity mechanics variable R20, and spirometry variables FVC (L), FEV1/FVC, PF (L) and MVV (% and L).
There were no associations between the hip circumference and the variables of respiratory mechanics, maximal static respiratory pressures and spirometry for morbid obese and non-obese groups. 
DISCUSSION
Even though in this study the patients with morbid obesity did not show obstructive spirometric patterns, the values of total (R0 and R5), airways (Rm), peripheral (dR/dF and PR) and tissue resistance (TR) were higher than the values presented by the control group. In addition, the results related to respiratory system reactance (AX, X5, X5insp, and X5exp) were different from those of the control group, what can be interpreted as increased peripheral resistance or reduced respiratory system compliance. These results corroborated with those of other authors that observed increased respiratory system, airways (18) and peripheral resistances (7) in obese individuals using the forced oscillations technique. Yap et al. (19) also FVC: forced vital capacity; FEV 1 : forced expiratory volume in the first second; PF: expiratory peak flow; MVV: maximal voluntary ventilation; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure. R0: resistance extrapolated for 0Hz; R5: resistance in 5Hz; R20: resistance in 20Hz; PR: peripheral resistance (R5-R20); Rm: mean resistance; TR: tissue resistance; f0: resonance frequency; AX: reactance integral between 5Hz and resonance frequency; dR/dF: dependence of respiratory system resistance on frequency; X5ins: inspiratory reactance in 5Hz; X5exp: expiratory reactance in 5Hz; ∆X5: difference between inspiratory and expiratory reactance. Values represented as mean ± standard deviation.
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observed increased peripheral resistance in obese; however, in our sample, the values are 18.6% higher than the group of morbid obese in their study. Such fact can be explained by higher BMI values in our study (50.7±8.9 kg/m2 vs. 43.6±2.5 kg/m2). Several authors suggested that the increased airways resistance in obese individuals is related to the reduction of pulmonary volume; however, its pathophysiology remains unclear. One hypothesis is that the airway structure can be remodeled due to the exposure do proinflammatory adipokines or to the lipid deposition. (6) Mahadev (20) observed that, in addition to the FRC reduction, the airways resistance in morbid obese individuals can also be increased due to the remodeling, which is characterized by the fat deposit in its interior, bronchial mucosa injury related to the stress of opening and closure of small airways and by the chronic exposure to adipocytokines.
This hypothesis agrees with the increased peripheral resistance observed in our study. Zerah et al. (18) also observed that the difference between the respiratory system and airways resistance did not increase significantly with the level of obesity. Based on these results, the authors raised the hypothesis that the thoracic resistance does not increase proportionally to the level of obesity. Even though we did not compare different levels of obesity, the patients with morbid obesity presented higher tissue resistance than the control group, suggesting that the amount of fat tissue in the thoracoabdominal region is associated with a higher dissipation of energy with the respiratory system movement. This result somehow disagrees with Zerah et al. (18) hypothesis. One of the hypothesis for this discordance is the higher BMI of the subjects included in our study, since the sample also had individuals considered super obese. Santana et al. (21) demonstrated how the pulmonary function of super obese can be more affected when compared to morbid obese; however with smaller BMI.
One of the aims of this study was to evaluate the occurrence of expiratory flow limitation in the group of morbid obese patients. According to Lin & Lin (22) the FVC: forced vital capacity; FEV 1 : forced expiratory volume in the first second; PF: expiratory peak flow; MVV: maximal voluntary ventilation; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure. R0: resistance extrapolated for 0Hz; R5: resistance in 5Hz; R20: resistance in 20Hz; Rm: mean resistance; TR: tissue resistance; f0: resonance frequency; AX: reactance integral between 5Hz and resonance frequency; dR/dF: dependence of respiratory system resistance on frequency; X5ins: inspiratory reactance in 5Hz; X5exp: expiratory reactance in 5Hz; ∆X5: difference between inspiratory and expiratory reactance.
reduced functional residual capacity and expiratory reserve volume of patients with morbid obesity increase the risk of dynamic compression and collapse of the airways, even during rest. Thus, it can occur the expiratory flow limitation (EFL) and air trapping, resulting in increased respiratory effort and dyspnea. The occurrence of EFL has been assessed in obese individuals using the expiratory negative pressure method. (23) In our study, the occurrence of EFL was measured via respiratory system reactance, as described by Dellaca and cols. in 2004 who validated the method using the technique of negative pressure as the golden standard. (24) Using the difference between inspiratory and expiratory reactance, Mahadev et al. (20) evaluated 18 patients with BMI = 41.3±6.8 kg/m and only 1 showed EFL. Similarly, no patient from our sample (mean BMI of 50.7±8.9 kg/m2) presented EFL. These results showed that, despite the reduced FRC and increased peripheral resistance observed in the patients with morbid obesity, the EFL is a common finding only when these individuals are in supine position, corroborating with the study by Pankow et al. (25) In supine position, the abdomen compressive effect reduce even more the FRC and, consequently, the diameter of the airway, resulting in dynamic compression and/or collapse.
The consensus among authors (18, 22, 23, 25) is that even when isolated from other comorbidities, obesity is a preponderant factor for respiratory mechanics impairments, either by analysis of resistance variables or respiratory system compliance. Based on this assumption, the only possible solution for such problems is the weight reduction.
As expected, differently from the hip circumference, the abdominal circumference was associated with several respiratory variables (FVC, FEV 1 , PF, MVV and respiratory pressures), probably due to the effect of restriction and increased intra-abdominal pressure that happens in morbid obese individuals, altering the elastic balance of the respiratory system and reducing the pulmonary volume. (9, 26) The WHR was also associated with respiratory mechanics variables and maximal FVC: forced vital capacity; FEV 1 : forced expiratory volume in the first second; PF: expiratory peak flow; MVV: maximal voluntary ventilation; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure. R0: resistance extrapolated for 0Hz; R5: resistance in 5Hz; R20: resistance in 20Hz; Rm: mean resistance; TR: tissue resistance; f0: resonance frequency; AX: reactance integral between 5Hz and resonance frequency; dR/dF: dependence of respiratory system resistance on frequency; X5ins: inspiratory reactance in 5Hz; X5exp: expiratory reactance in 5Hz; ∆X5: difference between inspiratory and expiratory reactance.
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respiratory pressures, suggesting that not only BMI but also the pattern of body fat distribution affects the respiratory mechanics. This hypothesis corroborates with the findings of Chen et al. (27) that observed a negative correlation between the abdominal circumference ratio and the spirometric variables, regardless of the BMI. Canoy et al. (28) when analyzing 9,674 men and 11,876 women, observed that both FVC and FEV 1 were linear and inversely correlated with WHR.
As limitations of this study, there is the lack of static pulmonary volume measures, which would contribute to the understanding of the mechanisms involved in the respiratory mechanics alterations. However, our results showed that, even with spirometric values within normal, the patients with morbid obesity may present respiratory mechanics alterations that can be detected by impulse oscillometry. In addition, not only the BMI but also the pattern of body fat distribution can influence the behavior of the respiratory variables.
Thus, the respiratory mechanics assessment using the forced oscillations technique and measurement of anthropometric variables (circumference and WHR) significantly contribute to the follow-up of patients with morbid obesity, especially those with respiratory symptoms. Both methods are non-invasive and do not require special maneuvers. It is likely that the improvement of respiratory mechanics of these patients, especially the peripheral and tissue resistances (thoracic wall), may improve the exercise tolerance (29) with a positive impact on the functional independence and quality of life.
From the results of the present study, we conclude that patients with morbid obesity and no obstructive spirometric pattern have increased total, airways, peripheral, and tissue resistances of the respiratory system when compared to non-obese. These individuals, however, do not show expiratory flow limitation and reduced respiratory muscle strength. FVC: forced vital capacity; FEV 1 : forced expiratory volume in the first second; PF: expiratory peak flow; MVV: maximal voluntary ventilation; MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure. R0: resistance extrapolated for 0Hz; R5: resistance in 5Hz; R20: resistance in 20Hz; Rm: mean resistance; TR: tissue resistance; f0: resonance frequency; AX: reactance integral between 5Hz and resonance frequency; dR/dF: dependence of respiratory system resistance on frequency; X5ins: inspiratory reactance in 5Hz; X5exp: expiratory reactance in 5Hz; ∆X5: difference between inspiratory and expiratory reactance.
